A 4liz-year-old cat had myeloproliferative disease characterized by severe anemia. Peripheral blood had a profusion of relatively normal-appearing nucleated erythroid cells in all stages of development and a few primitive cells with nucleoli. The term "erythremic myelosis" best described the appearance of the peripheral blood. Two weeks later, the peripheral blood picture was that of regenerative anemia. During the next 2 months the cat made an apparent clinical recovery without treatment, but relapsed 3 months after the initial examination. One-fourth of the cells in circulation at the time of relapse contained nucleoli and appeared identical to those described in reticuloendotheliosis in cats. This transition suggested the progressive development of a greater degree of immaturity of erythroid precursors with time. The use of the term "reticuloendotheliosis" in conjunction with feline myeloproliferative disease was considered and determined inappropriate.
Myeloproliferative disease may involve one, two, or more of the different cell lines of bone marrow. Various forms or hematologic appearances of myeloproliferative disease in the cat include erythremic myelosis, erythroleukemia, granulocytic leukemia, reticuloendotheliosis, megakaryocytic leukemia or myelosis, monocytic leukemia, and polycythemia Vera [8, 9, 131 . Although it is assumed that myeloproliferative disease can change from one form to another, there is little documentation for this occurring in animals. The progression of erythroleukemia into granulocytic leukemia has been described in one cat [12] and myelofibrosis has been reported to be terminal in a number of cats with other forms of myeloproliferative disease [ 131. We report a case of myeloproliferative disease in a cat and the different hematologic manifestations at each of the three times the cat was examined. The appropriateness of nomenclature currently used to describe various forms of feline myeloproliferative disease is considered.
Case History
A 4l/z-year-old castrated male, domestic short hair cat was presented at a private veterinary hospital with a history of anorexia and weight loss of several days duration. On 437 admission, it had pale mucous membranes and a rectal temperature of 39.4" C. On day 2, the packed cell volume was 1 7 % , the uncorrected white blood cell count was 60,0OO/pl and the plasma appeared icteric. The blood urea nitrogen was 25 mg/dl and rectal temperature was 38.9" C. A large percentage of the nucleated cells on the peripheral blood smear appeared to be of the erythrocytic series in various stages of maturation. Myeloproliferative disease of erythrocytic origin was suspected and additional smears were sent to the College of Veterinary Medicine, University of Florida, for interpretation. Oxytetracycline therapy was begun on day 2. Two days later, the rectal temperature was 39.4" C, the packed cell volume was 15%, and plasma still appeared icteric. The cat was released to the owner on day 5 . When examined on day 9, the rectal temperature was 39.2" C, the packed cell volume was l o % , and there again was icteric plasma. Therapy was discontinued and the cat was kept for further investigation with the owner's permission.
The cat did not eat for the first 2 weeks after initial presentation, but began to eat 2 days before being referred to the University of Florida for evaluation on day 17. The cat was emaciated and weak, but alert. The packed cell volume was 9.5% and the uncorrected white blood cell count was 12,90O/pl. Marrow was aspirated from the proximal femur.
The cat was returned to the referring veterinary hospital and housed without treatment. He continued to eat, became playful and gained weight. The blood was sampled occasionally and the packed cell volume eventually reached 3 0 % . Three weeks before his death, the cat began to lose weight and eventually stopped eating.
On day 65, the cat was again examined at the University of Florida. He was greatly dehydrated, emaciated, depressed and unable to stand. The hair coat was dry and brittle and easily depilated. On palpation, the spleen was found to be enlarged and extended nearly the entire length of the abdominal cavity. The rectal temperature was 38.7" C , the packed cell volume was 25%, and the uncorrected white blood cell count was 14,40O/pI. Bone marrow aspiration again was done and the cat was killed. Peripheral blood smears were negative when tested for feline leukemia virus (National Veterinary Laboratory, Franklin Lakes, N.J.).
Results
On day 2, 84% of the nucleated cells in the peripheral blood were of the erythroid series (table I) . Nucleated erythroid cells from rubriblasts to metarubricytes were seen, but the later maturation stages were predominant ( fig. 1 ). Mitotic figures were in 1 % of these cells and there was an occasional binucleated rubricyte or metarubricyte ( fig. 1 ). Some erythrocytes had basophilic stippling, but only slight polychromasia and anisocytosis; no Howell-Jolly bodies were seen. Although most of the blast cells with nucleoli appeared to be rubriblasts, an occasional blast had an indented nucleus and cytoplasm suggestive of the myeloid series. Blast cells were peroxidase and periodic acid-Schiff (PAS) negative. N o Haemobartonella felis organisms were seen.
Marked erythrocyte anisocytosis, moderate polychromasia, and many Howell-Jolly bodies were seen on peripheral blood smears from day 17 ( fig. 2 ). Erythrocytes were 5 to 10 micrometers in diameter (normal range, 5.5 to 6.3). Although some of the macrocytes were polychromatophilic, others were normochromic. The number of nucleated red blood cells in the circulation was much lower than on day 2 (table I). The metarubricyte predominated but some polychromatophilic rubricytes were noted. With careful scanning, a few hypersegmented neutrophils were seen. 
Blast cells were not included in the WBC differential count because most cells appeared to be of the erythroid series.
: 3 One mitotic figure was seen per 100 nucleated erythrocytic cells. Morphologic classification as previously described [12] . Note discussion as to the suitability of the term "reticuloendotheliosis".
Bone marrow samples obtained on day 17 appeared diluted (possibly contaminated with peripheral blood). Nucleated marrow cells were in the smears, but in low numbers compared to erythrocytes. No megakaryocytes were seen. All maturation stages were seen for both the erythroid and myeloid series. Occasionally there was a megaloblastoid rubricyte; there was a relative increase in rubriblasts and prorubricytes compared to the number of rubricytes and metarubricytes. The cytoplasm of these cells stained intensely basophilic and some rubriblast nucleoli were huge ( fig. 2 ). The myeloid to erythroid ratio was 0.45:l.
The peripheral blood smear on day 65 was greatly different from earlier smears (table I); 26% of the nucleated cells contained distinct nucleoli ( fig. 3) . These cells were round, PAS-negative and were from 11 to 15 micrometers in diameter. Nuclei were large, round and stained purple with Giemsa. In some cells the nuclear chromatin appeared as a fine woven mesh, but in others, particularly the smaller cells, the chromatin was clumped in a pattern suggestive of precursors of the erythroid series. Some cells had eccentric nuclei. Usually only one nucleolus was present, but some cells had two nucleoli. Cytoplasm was almost always scant and usually stained dark blue, although the cytoplasm of a few cells was lighter and appeared more gray than blue. Fine azurophilic granules were seen in a few cells. This description fits the description of "reticuloendothelial cells" originally described in cats in 1964 [4] . Nucleated red blood cells were primarily metarubricytes, but occasionally a cell as immature as a basophilic rubricyte was seen. Binucleated metarubricytes were easily found by scanning the smear under low power ( fig. 3 ). No polychromasia and only slight anisocytosis were noted in mature red blood cells.
Many mature neutrophils appeared atypical. Although their nuclei were clearly segmented, the chromatin was often finer and less condensed than expected in mature cat neutrophils. There was also some hypersegmentation and giant neutrophils were seen.
Bone marrow smears prepared on day 65 were cellular, yet few megakaryocytes were seen. About 40% of the intact cells contained nucleoli ( fig. 4 ). These blast cells appeared much like those in the peripheral blood smear. There seemed to be asynchronism between cytoplasmic and nuclear maturation in some erythroid cells as the nucleus was well condensed and the cell was small, yet the cytoplasm stained intensely blue. In some cells the nucleus was condensed, yet a nucleolus was still present. A considerable number of free nuclei, many of which contained nucleoli, were present. All cell types of the myeloid series were been, but they comprised a small percentage of the total nucleated cells present. The myeloid to erythroid ratio was about 0.25: 1. This probably underestimates the erythroid contribution to the ratio because abnormal cells were not counted, although many of them appeared to be from the erythroid cell series. Abnormal binucleated rubricytes varied in size.
The plasma protein on day 65 was 10.9 g/dl. Serum protein electrophoresis was At necropsy the spleen was markedly enlarged and had a smooth surface. The liver was also enlarged and small white foci were scattered throughout. All mesenteric lymph nodes appeared enlarged. They were purple and some had small white foci on cut surface. One hepatic lymph node was enlarged to about 2.5 X 1.5 centimeters. Both femurs contained firm white marrow that did not appear fatty. Blood collected without anticoagulant immediately before the cat was killed took several hours to clot, and then the clot was small and fragile.
There were significant histological findings in bone marrow, liver, spleen and lymph nodes. Liver sections had multiple irregularly shaped foci of cellular infiltrate ( fig. 5 ) . There was no distinct lobular pattern to this infiltrative process, although the larger foci were near portal areas. Foci varied in size from eight to 10 cells to almost the size of half a lobule. The infiltrate was composed of large neoplastic mononuclear cells that had oval nuclei and at least one prominent nucleolus. The nuclei were from 14 to 25 micrometers and filled most of the pink cell cytoplasm. Many nucleated red blood cells were within these nests of mononuclear cells.
Splenic architecture was modified by many neoplastic cells and only a few lymphoid follicles could be found. The subscapular sinus and the splenic cords (fig. 
6)
were distended with neoplastic cells. The Venus sinuses often contained moderate numbers of erythrocytes.
Sections from several different lymph nodes were studied and the degree of involvement varied. In most cases the corticomedullary architecture was not obliterated, but only an occasional lymphoid follicle was seen in the cortices ( fig.  7 ). Instead the cortices were composed of multiple foci of mononuclear neoplastic cells distorting the normal architecture and filling the sinuses. In some nodes, there was marked congestion or hemorrhage or both in the medullary areas and accumulation of fluid. Erythrophagocytosis was prominent in some nodes. There were many lymphocytes in these nodes but the follicular pattern had been modified by the infiltrate.
The mid-shaft bone marrow had less adipose tissue than expected. Some areas, however, contained moderate numbers of fat cells mixed with abnormal mononuclear cells and normal cellular parts. In other areas, large mononuclear cells packed the marrow and few normal cells were seen. Several sections were characterized by fibrosis with interspersed neoplastic cells ( fig. 8 ).
Discussion
On day 2, the blood was characterized by a profusion of normal nucleated erythroid cells in all stages of development. Although high nucleated red blood cell counts have been reported in feline haemobartonellosis [lo], little anisocytosis, n o polychromasia and no Haemobartonella organisms were seen. Blast cells, binucleated metarubricytes and mitotic figures in the peripheral blood, as well as the emaciated condition of the cat, were considered to b e more compatible with a diagnosis of myeloproliferative disease than with haemobartonellosis.
T h e term "erythremic myelosis" might be applied because this term has been recommended when abnormally proliferating cells differentiate into recognizable nucleated red blood cells without significant participation of the granulocytic cell series [ 131. A clear separation between erythremic myelosis and erythroleukemia (mixture of erythrocytic and granulocytic precursor cells) does not exist and the occurrence of an occasional blast cell with myelocytic characteristics could justify the use of the term "erythroleukemia" [2] .
Moderate polychromasia and marked red blood cell anisocytosis were seen in peripheral blood smears from day 17. This peripheral blood picture coupled with a low myeloid to erythroid ratio was suggestive of a regenerative anemia. A form of erythremic myelosis characterized by severe anemia and marked anisocytosis with large normochromic erythrocytes (without accompanying polychromasia) has been described [13] . Even though there was polychromasia, the occurrence of normochromic, macrocytic erythrocytes in the peripheral blood and atypical rubriblasts in the bone marrow suggested continued myeloproliferative disease.
After a 2-month remission, the cat again became extremely ill. Blood and bone marrow cell morphology was similar to that previously described in feline reticuloendotheliosis [4] . Gross and histologic appearances of organs and tissue at necropsy also were consistent with those described in reticuloendotheliosis [4] . In no organ did the mononuclear cells form solid masses characteristic of lymphoid neoplasia. Instead, the cells were more diffusely distributed and filled vascular and lymphatic channels. Myelofibrosis had been reported to be a terminal event in feline myeloproliferative disease [2] . Since some of the primitive cells in the circulation had eccentric nuclei, a characteristic of plasma cells, serum protein electrophoresis was done to eliminate the possibility of a dysproteinemia. Since all protein fractions were elevated to a comparable degree, the elevated serum and plasma protein values reflect the hydration state of the cat. If the packed cell volume on day 65 (25%) is corrected for dehydration with a normal feline serum protein range of 5.7 to 7.2 g/dl, the corrected packed cell volume would be between 13% and 1 7 % .
Primitive cells in feline reticuloendotheliosis have been considered to be pluripotential stem cells [13] . The chromatin pattern and ultrastructure of these primitive cells, however, resemble that of early erythroid precursors (61. Consequently, it has been suggested that these undifferentiated cells are most likely primitive erythroid precursors [15] .
The hematologic manifestations of 16 cats with reticuloendotheliosis recently have been compared to those of 20 cats with erythroid myeloproliferative disorders (erythremic myelosis and erythroleukemia) [ 1 1 1. Reticuloendotheliosis was reported to differ from the erythroid disorders in that the abnormally proliferating cells of the former are more primitive than those of the latter. It has been suggested that the primitive cells in reticuloendotheliosis might evolve into the more mature cell types in erythroid myeloproliferative disorders [ l l ] . In our cat the opposite occurred. Well-differentiated cell types reverted to more primitive cells, many of which had nucleoli.
The erythroid series was clearly predominant in the leukemic process when our cat was first examined. This progressed, after a period of remission, to an "acute form" of myeloproliferative disease manifested by many primitive cells with nucleoli in the circulation, bone marrow, spleen, liver and lymph nodes. These cells had some erythroid characteristics and were associated with abnormalities, such as binucleation, in erythrocyte precursors. A few blast cells with myelocytic, or possibly monocytic, characteristics were noted in both blood and bone marrow. Although rubriblasts are often PAS-positive in erythroleukemia in man, this is not a constant finding [ 5 ] and would not invalidate a diagnosis of erythroleukemia. The progression of myeloproliferative disease in this case lends support to the theory that most of the undifferentiated cells described in reticuloendotheliosis in the cat are primitive erythroid precursors [ 151.
The term reticuloendotheliosis was coined because abnormal cells predominated in organs of the reticuloendothelial system [4] . The cells were called reticulum or reticuloendothelial cells even though the disease was considered to be a myeloproliferative one and not an abnormal proliferation of macrophages of the reticuloen-dothelial system [4] . T h e term reticuloendotheliosis is not used in conjunction with myeloproliferative disease in man. It has, however, been used to encompass a heterogeneous group of disorders associated with abnormal proliferations of histiocytes, such as histiocytosis X [7] , as well as in conjunction with "hairy-cell leukemia" [ 1, 21. T h e circulating cell in "hairy-cell leukemia" has characteristics of both lymphocytes [l-3, 161 and monocytes [14, 161. Neither of these disease complexes in man resembles reticuloendotheliosis in cats.
Of the forms of myeloproliferative disease described in man, feline reticuloendotheliosis most closely resembles acute erythremic myelosis. In acute erythremic myelosis (a form of Di Guglielmo's syndrome), the blood contains erythroid cells in various stages of maturation, but rubriblasts predominate and there is little or no increase in myeloblasts. T h e rubriblasts may resemble megaloblasts and manifest other abnormalities such as binucleation [16] .
In addition to the obvious mixture of granulocytic and erythrocytic cell types in what has classically been referred to as erythroleukemia, immature myeloid cells (mostly myeloblasts) can usually be found if looked for in acute and chronic forms of erythremic myelosis in man. Consequently, many hematologists now prefer simply to use the term "erythroleukemia" to encompass the various forms of this disease in man [2] .
T h e term reticuloendotheliosis is a misnomer as it has been used in describing feline myeloproliferative disease. T h e use of this term in man is confusing, because it has been used in conjunction with distinctly different disease syndromes. Consequently, it is suggested that its use be discontinued. Terms such as "undifferentiated myeloproliferative disease" o r "acute erythroleukemia" would b e more appropriate to describe this hematologic manifestation of myeloproliferative disease in cats.
